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METHOD 108A ) DETERMINATION OF ARSENIC CONTENT
IN ORE SAMPLES FROM NONFERROUS SMELTERS

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in Appendix A to 40 CFR Part 60.
Therefore, to obtain reliable results, persons using this
met hod shoul d have a thorough know edge of Method 12.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity

Arseni ¢ conpounds Lower |imt 10 pg/ n
as arsenic 7440- 38- 2 or |less
(As)

1.2 Applicability. This nethod applies to the
determ nation of inorganic As content of process ore and
reverberatory matte sanples fromnonferrous snelters and
ot her sources as specified in an applicable subpart of the
regul ati ons.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the

data obtained fromair pollutant sanpling methods.
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2.0 Summary of Method.

Arsenic bound in ore sanples is |liberated by acid
di gestion and anal yzed by flane atom c absorption
spectrophot onetry (AAS).

3.0 Definitions. [Reserved]
4.0 Interferences.

Anal ysis for As by flanme AAS is sensitive to the
chem cal conposition and to the physical properties (e.g-,
viscosity, pH of the sanple. The analytical procedure
i ncludes a check for matrix effects (Section 11.5).

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user to establish
appropriate safety and health practices and determ ne the
applicability of regulatory limtations prior to performng
this test nethod.

5.2 Corrosive Reagents. The follow ng reagents are
hazardous. Personal protective equi pnent and safe
procedures that prevent chem cal splashes are recommended.
| f contact occurs, immediately flush with copious anmounts of

water for at least 15 mnutes. Renove clothing under shower
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and decontam nate. Treat residual chem cal burns as thernal
bur ns.

5.2.1 Hydrochloric Acid (HO). Hi ghly corrosive
[iquid with toxic vapors. Vapors are highly irritating to
eyes, skin, nose, and |lungs, causing severe damage. My
cause bronchitis, pneunonia, or edema of |lungs. Exposure to
concentrations of 0.13 to 0.2 percent can be lethal to
humans in a few mnutes. Provide ventilation to limt
exposure. Reacts with netals, producing hydrogen gas.

5.2.2 Hydrofluoric Acid (HF). Hi ghly corrosive to
eyes, skin, nose, throat, and lungs. Reaction to exposure
may be del ayed by 24 hours or nore. Provide ventilation to
limt exposure.

5.2.3 Hydrogen Peroxide (H0O). Very harnful to eyes.
30% H,0, can burn skin, nose, and |ungs.

5.2.4 Ntric Acid (HNG). Highly corrosive to eyes,
skin, nose, and lungs. Vapors are highly toxic and can
cause bronchitis, pneunonia, or edema of lungs. Reaction to
i nhal ati on may be del ayed as long as 30 hours and still be
fatal. Provide ventilation to limt exposure. Strong
oxi di zer. Hazardous reaction may occur with organic
mat eri al s such as sol vents.

5.2.5 Sodi um Hydroxi de (NaCH). Causes severe danage

to eyes and skin. Inhalation causes irritation to nose,



1885
throat, and lungs. Reacts exothermcally with limted
amounts of water.
6.0 Equipment and Supplies.

6.1 Sanpl e Collection and Preparation. The
followwng itens are required for sanple collection and
preparation:

6.1.1 Parr Acid Digestion Bonb. Stainless steel with
vapor-tight Teflon cup and cover.

6.1.2 Volunetric Pipets. 2- and 5-m sizes.

6.1.3 Volunmetric Flask. 50-m pol ypropylene with
screw caps, (one needed per standard).

6.1.4 Funnel. Polyethylene or pol ypropyl ene.

6.1.5 Oven. Capable of nmaintaining a tenperature of
approxi mately 105 °C (221 °F).

6.1.6 Analytical Balance. To neasure to within 0.1

6.2 Analysis. The following itens are required for
anal ysi s:

6.2.1 Spectrophotoneter and Recorder. Equipped with
an el ectrodel ess discharge | anp and a background corrector
to measure absorbance at 193.7 nm For neasuring sanpl es
having | ess than 10ug As/m, use a graphite furnace or vapor
generator accessory. The recorder shall match the output of

t he spectrophot onet er.
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6.2.2 Volunetric Flasks. Cass A 50-m (one needed
per sanple and bl ank), 500-m, and 1-liter.

6.2.3 Volunetric Pipets. Cdass A 1-, 5-, 10-, and
25-m si zes.

7.0 Reagents and Standards.

Unl ess otherw se indicated, it is intended that al
reagents conformto the specifications established by the
Comm ttee on Anal ytical Reagents of the American Chem ca
Soci ety, where such specifications are avail able; otherw se,
use the best avail abl e grade.

7.1 Sanple Collection and Preparation. The follow ng
reagents are required for sanple collection and preparation:
7.1.1 Water. Deionized distilled to neet ASTM D

1193-77 or 91 Type 3 (incorporated by reference ) See §
61.18). Wen high concentrations of organic matter are not
expected to be present, the KVhQ, test for oxidizable
organic matter may be omtted. Use in all dilutions
requiring water.

7.1.2 Nitric Acid Concentrated.

7.1.3 Nitric Acid, 0.5 N In a 1-liter volunetric
flask containing water, add 32 m of concentrated HNO, and
dilute to volune with water.

7.1.4 Hydrofluoric Acid, Concentr at ed.
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7.1.5 Potassium Chloride (KO ) Solution, 10 percent
wei ght by volume (WV). Dissolve 10 g KGO in water, add 3
m concentrated HNG,, and dilute to 100 ml.

7.1.6 Filter. Teflon filters, 3-mcron porosity, 47-
mm size. (Available fromMIlipore Co., type FS, Catal og
Nunmber FSLW4700.)

7.1.7 Sodi um Borohydride (NaBH,), 5 Percent (WV).

Di ssolve 50.0 g of NaBH, in about 500 mM of 0.1 NNaOH in a
1-liter volunetric flask. Then, dilute to exactly 1.0 liter
with 0.1 N NaOH.

7.1.8 Nickel Ntrate, 5 Percent NN (WV). Dissolve
24.780 g of nickel nitrate hexahydrate [N (NGy), 6HQ in
water in a 100-m volunetric flask, and dilute to 100 ni
with water.

7.1.9 Nickel Ntrate, 1 Percent NN (WV). Pipet 20
m of 5 percent nickel nitrate solution into a 100-n
volunetric flask, and dilute to 100 Ml wth water.

7.2 Analysis. The follow ng reagents and standards
are required for analysis:

7.2.1 Water. Sanme as in Section 7.1.1.

7.2.2 Sodium Hydroxide, 0.1 N. D ssolve 2.00 g of
NaOH in water in a 500-m volumetric flask. Dilute to
volume with water.

7.2.3 Ntric Acid, 0.5 N. Sane as in Section 7.1.3.
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7.2.4 Potassium Chloride Solution, 10 percent. Sane
as in Section 7.1.5.

7.2.5 Hydrochloric Acid, Concentrat ed.

7.2.6 Potassiumlodide (KI), 30 Percent (WV).

Di ssolve 300 g of KI in about 500 mM of water in a 1-liter
volunetric flask. Then, dilute to exactly 1.0 liter with
wat er .

7.2.7 Hydrogen Peroxide, 3 Percent by Volune. Pipet
50 mM of 30 percent HO, into a 500-m volunetric flask, and
dilute to exactly 500 M with water.

7.2.8 Stock Arsenic Standard, 1 ng As/m . Dissolve
1.3203 g of primary grade As,O, in 20 m of 0.1 N NaOH
Slowy add 30 m of concentrated HNO;,, and heat in an oven
at 105 °C (221 °F) for 2 hours. Allowto cool, and dilute
to 1 liter with deionized distilled water.

7.2.9 Nitrous Oxide. Suitable quality for AAS
anal ysi s.

7.2.10 Acetylene. Suitable quality for AAS anal ysis.

7.2.11 CQuality Assurance Audit Sanples. Wen making
conpliance determ nations, and upon availability, audit
sanpl es may be obtained fromthe appropriate EPA regional

Ofice or fromthe responsi ble enforcenent authority.
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NOTE: The responsi ble enforcenent authority should be
notified at |east 30 days prior to the test date to all ow
sufficient time for sanple delivery.

8.0 Sample Collection, Preservation, Transport, and
Storage.

8.1 Sample Collection. A sanple that is
representative of the ore lot to be tested nust be taken
prior to analysis. (A portion of the sanples routinely
collected for netals anal ysis may be used provided the
sanple is representative of the ore being tested.)

8.2 Sample Preparation. The sanple nust be ground

into a finely pul verized state.
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9.0 Quality Control.

Quality Control

Section Measure Ef f ect

10. 2 Spect r ophot onet er Ensure linearity of
cal i bration spect rophot onet er response

to standards

11.5 Check for matrix Elimnate matri x effects
effects

11.6 Audit sanpl e Eval uat e anal yst' s techni que
anal ysi s and standards preparation

10.0 Calibration and Standardizations.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Preparation of Standard Solutions. Pipet 1, 5,
10, and 25 m of the stock As solution into separate 100-n
volunetric flasks. Add 10 ml KO solution and dilute to the
mark with 0.5 N HNO,. This will give standard
concentrations of 10, 50, 100, and 250 pg As/m . For
| ow-| evel arsenic sanples that require the use of a graphite
furnace or vapor generator, follow the procedures in Section
11.3:1. Dilute 10 M of KO solution to 100 mM with 0.5 N
HNO, and use as a reagent bl ank.

10.2 Calibration Curve. Analyze the reagent bl ank
and each standard solution according to the procedures
outlined in Section 11.3. Repeat this procedure on each
standard solution until two consecutive peaks agree within 3
percent of their average value. Subtract the average peak

hei ght (or peak area) of the blank - which nust be |ess
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than 2 percent of recorder full scale - fromthe averaged
peak hei ghts of each standard solution. [|f the blank
absorbance is greater than 2 percent of full-scale, the
probabl e cause is Hg contam nation of a reagent or
carry-over of As froma previous sanple. Prepare the
calibration curve by plotting the corrected peak hei ght of
each standard solution versus the corresponding final total
As weight in the solution.

10.3 Spectrophotoneter Calibration Quality Control.
Cal cul ate the | east squares slope of the calibration curve.
The |ine nust pass through the origin or through a point no
further fromthe origin than £2 percent of the recorder ful
scale. Miltiply the corrected peak height by the reciprocal
of the | east squares slope to determ ne the di stance each
calibration point lies fromthe theoretical calibration
line. The difference between the cal cul ated concentration
val ues and the actual concentrations nust be |less than 7
percent for all standards.

NOTE: For instrunments equi pped with direct
concentration readout devices, preparation of a standard
curve will not be necessary. 1In all cases, follow
calibration and operational procedures in the manufacturer's
i nstruction manual .

11.0 Analytical Procedure.
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11.1 Sanple Preparation. Wigh 50 to 500 ng of
finely pulverized sanple to the nearest 0.1 ng. Transfer
the sanple into the Teflon cup of the digestion bonb, and
add 2 ml each of concentrated HNO, and HF. Seal the bonb
i medi ately to prevent the |l oss of any volatile arsenic
conpounds that may form Heat in an oven at 105 °C (221 °F)
for 2 hours. Renove the bonb fromthe oven and allow to
cool. Using a Teflon filter, quantitatively filter the
di gested sanple into a 50-m pol ypropyl ene volunetric fl ask.
Rinse the bonb three times with snall portions of 0.5 N
HNO,, and filter the rinses into the flask. Add 5 m of KC
solution to the flask, and dilute to 50 M with 0.5 N HNG,.

11.2 Spectrophotoneter Preparation.

11.2.1 Turn on the power; set the wavelength, slit
width, and lanp current. Adjust the background corrector as
instructed by the manufacturer's manual for the particul ar
atom ¢ absorption spectrophotoneter. Adjust the burner and
flame characteristics as necessary.

11.2.2 Devel op a spectrophotoneter calibration curve
as outlined in Sections 10.2 and 10. 3.

11.3 Arsenic Determ nation. Analyze an appropriately
sized aliquot of each diluted sanple (from Section 11.1)
until two consecutive peak heights agree within 3 percent of
their average value. |If applicable, follow the procedures

outlined in Section 11.3.1. If the sanple concentration
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falls outside the range of the calibration curve, nmake an
appropriate dilution with 0.5 N HNO, so that the fina
concentration falls within the range of the curve. Using
the calibration curve, determ ne the As concentration in
each sanpl e.

NOTE: Because instrunents vary between manufacturers,
no detailed operating instructions will be given here.
| nstead, the instrunment manufacturer's detail ed operating
i nstructions should be foll owed.

11.3.1 Arsenic Determ nation at Low Concentration.
The lower Iimt of flame AAS is 10 pyg As/ml. |If the arsenic
concentration of any sanple is at a |ower level, use the
vapor generator or graphite furnace which is available as an
accessory conponent. Flane, graphite furnace, or vapor
generators may be used for sanpl es whose concentrations are
between 10 and 30 pg/m . Follow the manufacturer's
instructions in the use of such equi pnent.

11.3.1.1 Vapor Cenerator Procedure. Place a sanple
containing between 0 and 5 pg of arsenic in the reaction
tube, and dilute to 15 M with water. Since there is sone
trial and error involved in this procedure, it nay be
necessary to screen the sanples by conventional AAS until an
approxi mate concentration is determned. After determ ning

t he approxi mate concentration, adjust the volune of the
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sanpl e accordingly. Pipet 15 m of concentrated HOJ into
each tube. Add 1 ml of 30 percent KI solution. Place the
reaction tube into a 50 °C (120 °F) water bath for 5
m nutes. Cool to roomtenperature. Connect the reaction
tube to the vapor generator assenbly. Wen the instrunment
response has returned to baseline, inject 5.0 ml of 5
percent NaBH, and integrate the resulting spectrophotoneter
signal over a 30-second tinme period.

11.3.1.2 G aphite Furnace Procedure. Pipet 5 m of
the digested solution into a 10-m volunetric flask. Add 1
m of the 1 percent nickel nitrate solution, 0.5 m of 50
percent HNO;,, and 1 ml of the 3 percent HO, and dilute to
10 Ml with water. The sanple is now ready to inject in the
furnace for anal ysis.

11.4 Run a blank and standard at |east after every
five sanples to check the spectrophotoneter calibration.
The peak hei ght of the blank nust pass through a point no
further fromthe origin than £2 percent of the recorder ful
scale. The difference between the nmeasured concentration of
the standard (the product of the corrected average peak
hei ght and the reciprocal of the |east squares slope) and
t he actual concentration of the standard nust be |less than 7
percent, or recalibration of the analyzer is required.

11.5 Mandatory Check for Matrix Effects on the

Arsenic Results. Sane as Method 12, Section 11.5.
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11.6 Audit Sanple Anal ysis.

11.6.1 Wen the nmethod is used to anal yze sanples to
denonstrate conpliance with a source em ssion regulation, a
set of EPA audit sanples nust be anal yzed, subject to
avai lability.

11.6.2 Concurrently analyze the audit sanples and the
conpliance sanples in the sane nanner to eval uate the
techni que of the anal yst and the standards preparation.

NOTE: It is recommended that known quality control
sanpl es be anal yzed prior to the conpliance and audit sanple
anal yses to optim ze the system accuracy and preci sion.
These quality control sanples may be obtai ned by contacting
the appropriate EPA regional Ofice or the responsible
enf orcenment authority.

11.6.3 The sanme anal yst, analytical reagents, and
anal ytical systemshall be used for the conpliance sanpl es
and the EPA audit sanples. |If this condition is net,
duplicate auditing of subsequent conpliance anal yses for the
sanme enforcenent agency wthin a 30-day period is waived.

An audit sanple set may not be used to validate different
sets of conpliance sanples under the jurisdiction of
separate enforcenent agencies, unless prior arrangenents
have been made with both enforcenent agenci es.

11.7 Audit Sanple Results.
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11.7.1 Calculate the audit sanple concentrations in
g/ n? and submt results using the instructions provided with
the audit sanpl es.

11.7.2 Report the results of the audit sanples and
t he conpliance determ nation sanples along with their
identification nunbers, and the analyst's nanme to the
responsi bl e enforcenent authority. Include this information
with reports of any subsequent conpliance anal yses for the
sanme enforcenent authority during the 30-day period.

11.7.3 The concentrations of the audit sanples
obt ai ned by the analyst shall agree within 10 percent of the
actual concentrations. |If the 10 percent specification is
not net, reanalyze the conpliance and audit sanples, and
include initial and reanalysis values in the test report.

11.7.4 Failure to neet the 10 percent specification
may require retests until the audit problens are resol ved.
However, if the audit results do not affect the conpliance
or nonconpliance status of the affected facility, the
Adm ni strator may wai ve the reanal ysis requirenent, further
audits, or retests and accept the results of the conpliance
test. Wiile steps are being taken to resolve audit analysis
probl ens, the Adm nistrator may al so choose to use the data
to determ ne the conpliance or nonconpliance status of the

affected facility.



1897
12.0 Data Analysis and Calculations.
12.1 Calculate the percent arsenic in the ore sanple

as foll ows:

%AS = \7vd Eq. 108A-1
wher e:
C, = Concentration of As as read fromthe
standard curve, pg/m.
Fq = Dilution factor (equals to 1 if the sanple
has not been dil uted).
w = Wi ght of ore sanple anal yzed, ngy.
5 = (50 M sanple x 100)/(10° pg/ ng).

13.0 Method Performance.

13.1 Sensitivity. The lower Iimt of flame AAS is 10
mg As/m . The anal ytical procedure includes provisions for
the use of a graphite furnace or vapor generator for sanples
with a | ower arsenic concentration.

14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 References.
Sane as References 1 through 9 of Section 17.0 of

Method 5, with the addition of the foll ow ng:
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17.0 Tables, Diagrams, Flowcharts, and Validation Data.

[ Reser ved]



